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VARIABLE CAPACITANCE CAPACITOR 




ABSTRACT : PROBLEM TO BE SOLVED: To provide a variable capacitance capacitor the capacitance 
of which changes at a large changing rate, is sufficiently small In loss even under a 
high-frequency condition, and causes a liniear frequency change against an inpressed 
voltage when the capacitor constitutes an oscillator. 

SOLUTION: This variable capacitance capacitor is constituted t}y forming electrodes 2 and 
5 on both surfaces of a dielectric film 3. The thickness of the film 3 is adjusted to <1 ^m 
and the main crystal grains of the film 3 are composed of a perovskite type composite 
oxide containing at least Pb, Mg. and Nb as metallic elements and have a mean particle 
diameter of \un. 

COPYRIGHT: (C)2001,JPO 



m^^mmff (jp) 02) ^ M i(# ^ S (a) wmmwAmm^ 

#112001-338839 
(P2001-338839A) 

(43)^ B ' ¥1^13^12^ 7 B (2001. 12. 7) 

(SDInta^ IMiJSa^ FX f-7a-r(##) 

HOIG 7/06 HOIG 7/06 





1$B2000- 158821( P200D- 158821) 


C71)IHSA 


000006633 










(22)tiieB 


7l£l2^ 5 ^29B (2000. 5. 29) 































(54) [S&^(0^m Rr3£$fi3>5*>* 



(57) 

1 /z mOTT* !> t h t IC, mW.i^m 3 :^Ji7C#i: 




[mm2]m^m<mmizmm^tx^j:h^ 
m^wmifi. ^m7mbix'y^j:<ti,Pb. usiiX 

*fO. 3jummTT'«>l>C:i:2r#ai:ti>fS^2ie® 
<i:tPb, Mgi^J:tXNb^r-^:§-rl>^^M^^^rM 

< t P b itXT i ^#W-r'&^n7'X;&'f hM^i-a- 
[000 1 ] 

^^n^co^fb^s-^s t mz . ^j^^tcfc I ^x h 

^<,zm-th^cr)X'hh, 
[00021 

\m^tm^ mmmzx^^wmm:umx%h% 
mi {m&mmtw^. vco ifefg^sr^-ri) 

[0003] mM. mm.ifmmz^\:,x^^-fhm=f-h 
mzm }^x^Mi!3^mL-r?> i^^^- H*^fflt ^ '^jixt: v ^ 

[ 0 0 0 4 3 ;r- HWP N«^fc:)i:^ifiitzyN'>f TX 



[0005] ^<^'^m\im,Wh^th:iti)K'% h 
;^cr):fe^ $ ^zm \.xvm.^<r)n.mm^ t . -e-^^^ 

X'%h, 

( 0 0 0 6 3 ^N*7 ^- H (i^lc "I^^ftn 

y-ft Lxmm-thfzMzmt^t^tLX^^^ icoT'j> 
mms<7)mm^^b ixm^ixx\^ii}^> 

[0007 3 t^^t^r*^'^. )<>y:^9y^:^-\^X'\m 

if- YX'\m^'^ns.x±% < ^M.im!t i . ^(^m^ 

s^#€-fi> t.m'f-t tx(r)±ms^i^mt<±^ < 
X i^mizmx^ ms«mmm(>iix^^h t 
o^mo. m^t tx. mi^m&Ltii^m 

[ 0 0 0 8 3 $ iotc. &msx'(r>ms^iti}^±'^^^z t 
mm3k<m^. ms^^nLxmmfrc^j:^^<^ 

tz, 

[00093 Z<r>tiib^ gifiTtiA'^^' :t- Htw 
^hhm'f-tLX. (Ba. Sr) TiOa (BST) 

iiX\^^ #g§^10-38 3 9-t^fg# 

[00 1 03 Z.(r>X 0 ST^rfflv^AiBj^^ftayr 
y-rt'tt. BSTS{<s3&«9C!n®Et3J5tTfS^3!»^fl: 

Ib^/C. BSTc7)ii5JSjfe7:'c7)i^m^{ilGHz(Ct3V^ 

TO. 01^. ^M.^itmp u 7:^ns. 0 1 5 V 

^Zty\^XMi^3 5%UUXh->tz. 
[00113 

[00 1 23 i^wm. mM!^^^if±t < . mmm: 
{>mA<+wz^h^ < , %mim^tti^mmc^ 
^m*^iK< . ^Mimtf}^maWBi>ziitxwsm' 



[00 13] 

[ 0 0 1 4 ] cicoi: ^ 5r^^fi3 y^y-^x-ii. P 
im^^^Bn'f-tL. Mi^B^B&^<7):^i^mg**o. 

mmizi5\.^x umM^t^-h^iz^b^ < . mi^m 

iiK i^msm^Ltimmmmt^mtim&i'znL 

xmmjt-thztfT^t. 

[00 1 5j Bo^, mm<^m.n&mt:R. ^&^c. 

mmt:co btib mmmzmmmii!^(^>i^ii r o> 

cb^mh, z:ix^w.(mm^s. m^^b-t 

|>i:R<aC = p ( d/S) o) e 0 e r (S/d) =pa) 
e 0 e r fc^rS. ittzL. p\mmf^mm. e 0« 

ES't'^^ms^, er\itmw<^\m^mx'hh, ^ti 
ifmb Lxmrnmammm^A-^^ < wm^^^^ b ¥ 

[ 0 01 6 ] i^oT. im^X'\t. ±1^mrF<r)^m. 

g^o. 3fxm\;xTbi-h^bi,zii^ym%m>)tmm 
<x'th. :i(7>io\iz. m^Wk^^^<x'thtz»>. 

b^j:h. 

[ 0 0 1 7 J tit. *3%BJ<o^§»3 y^y^tit. m 
^^mmmnz^mm^ LT=S:4T»i^^i3 yr 

x'h-^x. mmm,wmifmmmm.wm b m%nm 
mm\i^mt:mmLxt£'o . mummMm.wmK ^ 

x'hh, 

[0018] z<^i:'j-^£-^^^m^yTy^X'\t. wm. 
w.m mmmmm,\mbm%m.wmmw.mt:mm lx 

m^LX\^htdiy. ^ix^'fL<m%Wmi3^h^j:^-=tyr 

^h\,zA^^<-th:.btK'%h. ttz. mmm^mmi^ 



[ 0 0 1 9 1 msn^m^i^m<7i^^^=F<o 
^mim 0 . SumaTbthZb^zJ: *) . ^fla^ 

4>h:/Jn$<T^?.. 

1 0 0 2 0 3 > ^MTC^i: L 

TiJ'-^<i:tPb, MgiSitf^Nb^r-t^-rS^NMn^ 

bizi^. iz%^x^&m»b^^mm^^mm. 
m^m^M* n-^^^fflv^T -eo^asr^x ^ t 

[ 0 0 2 1 ] $ i5,tc. :&iS7C#t 
LX'J'^^j:< b t P bi5 irXT i 

hm.m-^m5^:^i'BW.'i'bthzbtmtL\\ c: 

izX'jm.^-tiilbifiTt. ±^^j:^M^<\:mb^ 
2r $ hM^^ <-r^Zb i)^X'^ 1 . 

[ 0 0 2 2 3 1 ^vT, i&m^m^mcr>mm^ o. lu 

[0023] 

•^commmx'h^. 4?-^ii±i^s^x'*o, 2iiT» 

[0 0 24] ^^m&.liiTJl'5.i-^j:ifcr,-biy^$.'y^m 

m.^yr^^^ i:(7)M^mi^x$> o . f^mm i ± 

[ 0 0 2 5 J i<7)Ta5^2{iP t . Au . T i 
^>^rO, -eoHJitiO. 1-0. 5/imT'S)0.m 
{f. Ptco^^B®** (111) b^j:^Xo^Z-fyr^^ 
#^^80^fi*S 1 ±fc 5 0 O'Ct-;^^'^ V ^ $iiTm 
$*ITV^S. C:c0TS5mS2±fcUi^«sJK3*g^^§ 

[0026] Z(r>t^ii^m3mmii 1 AtmJilTi: $ 
ti. ^7vmblX'J'-^j:<btPh. MgtoXV^Nhi: 

[0027] ^i4:JK3 (OT. PMN*-4>^^^m 
M3ti,^a::i:7&^S>i,) c7)MJf2:l/^mmTi:L/i(7) 

0. 3-^1 fxmt^m.tL\,\ 



•ISOOCID: <JPaa0133B83SA j> 



[ 0 0 2 8 ] ^Fa^=irm-m.mi: 0 . 3 jtzm 
[00 2 91 ^m7C^i;LTii'^=S:<i:t>Pb, MgiJi 

[ 0 0 3 0 J Bsh. immmamim&izx om^ 

(Pb. MgfcJ:l/Nb$r-^^-rS^ny;^;*>f 

t5»tl>li3iyiLh34i^aiCR<»C = p (d/S) 6)eOe 
r (S/d) =pc<)e0e ri:^^. 

[00321 c:o^i^^^*K3±tw{i±g{««i 

[00331 ^^«!M3Ji, ^TCSfcLTPb, M 
ill. i 9 try 3 - h ^ i; TM^ L . S£jS 

^Kx'^hf\j-zft\/W^^mmth z. b izx m^^ti 

[00341 mmi>zit. mmwma. mtif. my 
(TiXoizLxm^iii. 9tt. mmmmbbxph. 

[0 0 3 51 fiU^, Mg. RX/Nh<7)^mi^^. il^ 

•fk^. Nb-fk^ljiSS-Mg : Nb = b : 2 ( 1. 0 0^ 
b^l. 1 5) <7)^:;UJtt'RiOH. R2OC2H4OH, 
R3COOH (Rj. R2. R3 : m.^WClUUi<r>TJ\^^}U 

m) T^^^timmizis.-^t^. 

[00361 m^m. i r:^^^' h 

Mzti V 6 5 6 c m- » ftjgtCfRJRS-^ L , ffiO^tt 

mm^m<t-^(^^rizh\'^x t ^^^m g - o - 

N bj^-^^^rri) M g N b^^r/U3^ 
[00 3 71 I R:^'<^h;HZi>V^T6 5 6cm-i#iS 



lC©JR$r^-r S M g N bm^T;P3 ^ H^Sr#^ 

[00 38] mi<^:*^i:LT. MgijJ:I/Nbcr)r;U 

^^±#$•1*:. mx.iim<7)^(^^^xmmMki}Ft: 
'iToZtizX*). ^i^X'(DU:^-7-)i'RlBz:imi-^ 

urn, 

[00 391 m2<7)^r&i:tT, Ueoi 0 t3Mgi5i 
l^Nb(7)T;U3^£^HEf42r^^tw^-^t. ^II^O^,^. 

[0040] lll3<0:&ai:LT. MgO;<?;U;Jf>'i!Si: 

[0041] 114 <0:&i£hL'C. MgO^ffifli^aNb 
coryPn^j^H, *5V>J4MgOr;l^3dfS/Hi:NbO 

[0042] msmmt tx . ^mmm>wmi^i-^ 
^Kthtztb. ^i&<m*smt. :iL9J-Jivr^y. r 
^^)vr-^vy^(7mwmi:m)sirrhi3m. 

[0043] Jai:OV^m*»0#&$:fflV^I. C t \,ZX 
^rM g - O - N b^-^Sr^rri) M g N b1i-&r/l^3^i^ 

[0044] t/^, -^fi£U>:JiieMgNbti^T;P3df 

>'Ymm^z:^tmmi^^mm.^mT\.. mm^-m 

|ff3^CDMgNb1S-^r;P3^5^H**«i^t/i 
MgNbV;W?:J^ji!tS-li:S. 

[00451 mmmt\i. ^=f-n<7ir)v^^i^)v 

7K h^\>^\mTfV:i'-)Vmil,zi:*) . Wl^^^^-}5 

mxhh, 

[ 0 04 6 ] iJct:, ffi ( Pb ) eo^imm. r 

RiOH, R2OC2H4OH. R3COOH (Ri. R2. 

R3 : mma±<r>7jv^im) x'^^^timmzM 

{0 047} Zm. l8-fl:-^*«ea=B*^^tf^tw 
{4. •f^tJtPbliriBiWIfK+tc^jW^TEt^rvUdlc 

[ 0 0 4 8 1 U>: P b Migf^^^Si: M g N b li^T 
/Wadfv-Kjgjg. J>SV^{4MgNbV'/W?:Pb : (Mg 
+ Nb)=a: (b + 2)/3(l. OO^a^l. 1 

5, 1. oo^b^i. 15) ot;witc;l-&t, pm 

Nmmmmb-t^. 

[oo49]fmuzmmm^:miHzx}iyzi-h 



c 0 0 5 1 1 m-mM^m^<^miz^^i>tx'm*) 

MUzm. 7 0 0-8 0 0X:T'^2:firV\ 

[ 0 0 5 2 ] iiO i 0 =3r^^§4n yT^^ifXIi. ilil^ 
P M N*»/i>^: l>JU? 1 At mOT, 

[0053] 2|s:||HH£^ft!J0^^^1:3 y^^-zrE 2 C 

0 . 1?^ 1 1 t±ifegia«Tfc 0 . 1 2liT^Wmh 

[00 543 i^mi U TSP^l 2. ±SP€S1 
5l;ov^T{i:±i£i:Il^T'S>^. Z<7)mX'\t. m^WW. 
1 3*^ ^^m^i^frHl 3 ai:fi|^l:^IM*!il 
3bi:*»^>«|«$iir«»^S. 

[00 55] l^i^m^^i*:!! 1 3 a {i±f S fc lal^l: L 
5/immTi:$^iTV^^. 3cO 
^ig^^ov^T{i^^^■f LtO. 3jiimJjJlTi:-rS«^fSti^: 
^SlrO. 3//mmTi:-r-S.Ii:*mU^. 

[0056] :L<r>min,mm'mim 1 3 ao±®(c(4ffi 
mmmmm 1 3 b**?^fi!t$iiT . 

[0057] ic7)(S^^^#Ig 1 3 bii, mtf. 

^JlTC^i: LT P b . Mg. Nb^r-t-W-fS^NMor^n 

1 3 a {±gmi^^ itm^-r -i. ^ t i 0 ffi 

[0058] mmmmmmii^m 1 3 a±(:igi^^^ 
«cM 1 3 b ^mmi :itizx'o. ^timmmi3^(> 

[0059] ismmmmmi^m 1 3 b sr^iB^-ti. n 
^nrmiwrnmi^x-mammizx mwMco^im^j: 
\.^<ox\mmi¥mA3 {^mmm±m tixmrnm 

ms^0im*is 1 3 b LT, rnm^^'^^^^a^x^ii 



wmt:m^^hzi:x\ m^m<7y^i^M^w:izX'^h. 
[0060] sufr^ 1 3t4, ±ucox 0 iz Lxmmw. 

1 3 a±t:ia^$ISmflsffi 13b ^Jg^-ri. . v'nM n 

^zrxij4 V(rf^hmWiz:k^yn~vm^ t< -/T 

[0061] figli^, 2 5 0-3 5 O'CfOr^iOagTl 

t>-'/HSi:-ri>. llalcolgJaiO. l/imOT^^'M^ t 

^, 6 0 0-7 0 0X:fiifiK5:^TV\ 

[ 0 0 6 2 ] i<7)i 0 tCffifit^WliiS, ^•ti»C: i: 
iO, :^7cSi:LTiJ'-^r<ttPb, Mgfcil/^Nb 

i7);2**^<i>^:?.(gg|l|^g^*^ 13b t:m^-th ^Ltis^ 

[0063] ^htikmm^n^ 1 3 ^mmt 

■C§S*^^-C-J>-S.. 0. ljL£mJ;0/P<^:Sfc^ 
^M^^<tch(r>X'me,iA--^<^J:hifi. ^Mf^^m 

b7&vh$<'5:-?.*»<c>TS)l.. iSi^m^i^m*]^! 3bO 
HJPiiO. 0 8//inlJlT-CJ5S::h*5MS LV\ 
[ 0 0 6 4 ] ^JlTcSi: LTiJ-^^ < i: t P b iJ it/T i 

-r^l?l€*Jii^i^im^^«EM 1 3 b i: LTfflV^I,^ 
T i CO^^S!^, T;Un=Jri^ K^*>4.ilfK$nS 1 
aoT i -ft-^tM^ LfcP b HulB^^fSi: P b : T 
i = a : 1 (1. OO^a^l. 15) cO^/WltCM-^ 
L:^m, iig^ff^^TV^PT|ir|gfls^2:-^JjSt\ 

[0065] ^^k. 2 5 0-3 5 0"CO^O?aKX'l 

yfimbi-^. 1III<^M®40. l;ummT)&^*t 

[00661 fi!Ui-|^.^&S5:B'r^^^MJ?t-=5r^ t Tii 0 
jgt^cf^, 7 0 0-8 0 O'CX-m^^'il^^^ :^^^<r)i& 

n 1 3 b (7)mmii. iim^i}^^ o. lu mi^xrimt 

[0067] atcoX 0 'Sr^^Sft:^ y^y^XU. M 

'ot^mm^xx/iSimMLT^^ttitiz^ mmm 
rnm^m. i s a±t{siM^^«cis 1 3 b srj^^-r s 



[0068] 

tUSIM] MgXh^^-i/HfcNbxh^Sri^K^ 1. 0 

5 : 2iot;i/ikt^i:L. 2-^ ^^i/x:?y-;^4'■c 
^g^^f^ ( 1 3 ox:ti 71^^) ^'^T».^. lM(mol 

[00 6 91 IRX'^'^hMZHK^X. 6 56cm-ift 
jS(;Mg-0-Nb^^H<t5iS)R3&^'£'^>ix^. »:t::T 

[0070] l^S- 3*«!|«Jfc2--Xbdfi^X:?>'-- 
;U^Mg-NbJSIfiEt2Pb : (Mg+Nb)=l. 0 

IMiggcOPbi.os (Mgi.o5/3Nb2/3) O3 

[00711 mm • smmt 2 -;x h^i^xrj' 

;l^S:T i ^?g{2P b : T i = 1 : 1 h^rl. J: o ti^-^ 

[0072] mmt^j:hPt ( 1 1 1 ) 0 ortrj^ 



[00731 ^iKb-r S^«M^^T L/vTli^^ 
t^m:(r>l.^zmi(r>mm 1 * /::tijiM 2 €r ;^ e > 3- 

[0074] ^^m^lMflJlltwOl^Tti S E MS^CO 

~1 SVtX-mc^^h^tizi: ^x-m^Ltz, 
[ 0 07 5 1 S3fe{imfigi^aifei:i5im<7)M*2r^^ 

1 iz^Ltz, 

[00761 iSS. BSI«$im*lJlll<^PMNt::ov^T 

li, ^nr;^;>>>f \-W^-m.im(^^i}^^B^^iiXi5 

rmm^mm(r>?f.i)-m&^iixi5*). immmm, 

[0077] 

mi] 



WW 



PMN 



■ymi 



FMN 



PMN 



PMN 



FMN 



4 00 



2S0 



4 00 



300 



400 



_CC) 

t oo" 

son 



TOO 



too 

T OO 

»'oo 



0. 3 



0. 5 
0. 2 



0. S 

0. a 



0. s 



gar 

(pnO 



1.0 
«.4 



fi.4 



•.4 



»ttm. 
rc) 



rc) 



PUN 



PMN 



FT 

itv 



30O 



30 0 



aoo 



TOO 



0.1 



0.08 



con 



o.v« 



W) 

"ao 



«o 



so 



_0 5_ 
6 6 
«0 



OS 



0. 02 



0.0 1 
O . 02 
O. 01. 



0. 1 



10 0 7 8] mm iumo. 6)cr> 

ism^^ntcib'^T . mm ( imw o . i - 5 > x-m-^ 
m:i}>m-Lx\.^^;itm^, ttz. mii^mmm 
mtthtm^ (m\no. 2-5) . »Ji<ogmN 
o. 1 timix^M.mmi}(^h^^^i>(^<r>. m^m: 

[00 7 9] 133 (a) t^lS^No. It^^y'^:!^^^ 

H io^g^^t^^ , ( b ) izmmm:^imi7ri 

[0080] 



mmzi3\.^x mmmd)^-\-^i>zA-^^ < , mmntm^ 

^m^itimm&iiznixwmbi-h t *<-c^ 

[ 0 0 8 1 1 i/vi. mmmt:mmm^im}im 
mmmi^mmmLxm^'t^ntizi:*) . ^ti^ti 
(mmimip(^^j:i> ^ yfy^^wmmLtzm&i: 

•9 . ■^w&x'(r>mmmi^ $ \,z,h^ < -r s ^ t 
sthttc, ■mmmWi'mmifi. Pb. Mg^^ixN 



[013 2ts:^Bj{7) pj^gfin yTy^<r>mmmX'h^ . 2.12 

5. 15 

[^3 3 (a){i^No. li:>'N'5^^:J^'f5!--HO 13a- 
§fi^^l:$. (b){i5agra«S®:^l^&*-r:?'7 7T' 13b- 



mi] 



■5 

-3 
-2 

-1 



15 



12 

'11 • 




Cb) 



2M 

5 2 
§ 1.S 

L2 
1 



V(V) 



IS 




— PMN 



V(V) 



10 



15 



(51)Int.C1.7 



